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M^LIORAI^DTJM REPORT 
for tYie 

Army Air Forces, Tnteriel Coriinand 
-rilTD-TIJNN^: INV^STICrATICTv OP PROFILE DRAO AND LIFT OP 
AF Il^'^TFp/.-Tn^I AT"^ S'^CTTOl'T OF THF XP--5- AIR^T ANF 

^A^TH B'^/FIFD TRAILirO-^DOF ANF C OUT CUR Mf'HOT.S 
By Frank T. Abbott, Jr. and '"Mlliarn J. Unr3erv/ood 

IITTRCDUOTION 

The results of flight investigations showed that 
a beveled trallirg-edge aileron gave as low or a lcv;er 
profile dra,:'-, than a contour aileron. As this was 
contrary to the general expectation, it was felt 
desirable to conduct a wind-tunnel investigation of a 
scale rTxOdel of the v/ing section used in flight. Section 
profile drag and section lift at flight Key.iolds numbers 

were to be obtained with the tv/o types of ailerons. 

Section profile drag and lift coefficients at Reynolds 

numbers of approximately 6,000,000, 9,000,000, and 
15,000,000 are presented herein from the tests in the NACA 
two-dim.en?^ional 1 ov7- turbiilence preF^rn.ire tunnel . 

MODEL 

A. scale model having a wing chord c of 56 inches was 
made to correspond to an intermediate section over the 
aileron portion cf the v/ing 16 inches outboard frcri the 
inboard end of the right aileron of the X?-5^- airplane. 
This was tVie same section uso':< in measuring ^^^^i'il^'^ drag in 



flight (referenoe 1). Tlie ordinates of the section 
1. table 1) vjere measured froin the actual airplane 
wing. T}ie scale model, which was made of laminated 
mahogany, v/as faired according to the mieasured ordinates 
v/ith the exception cf several slightly unfair ordinates on 
the upDer and lower ^^=urfaces in the vicinity of the leading 
edge, which were neglected in fairinr the airfoil contour. 
This unfairness of the micasiTred ordinates was prohablj^ due 
to the actual airplane winr being slightly unfair at the 
front spar. A bum.p was present on the lower surface of the 
m-odel at the al'^ eron hin^:'e simule tinf.-; the contour of the 
aileron projectirg below the lov^^er ip-r-face at the hinge line. 
This bump was present in the olain airfoil configuration 
(fig. 1) as well as the two aileron configurations (figs. 2 
and 5). The m.odel was made in two parts with a single front 
part which assembled with one of three rear parts to form the 
plane airfoil section (fig. 1) or an airfoil section with 
either the O.lSpe beveled trailing-edge aileron (fig. 2) or 
the 0.187c contour-sh5iped aileron (fig. 5)- -1"-^^ internal 
shapes in the aileroi^. balance chamber were scaled from, the 
actual section tested in flight. Both ailerons were hinged 
at O.ClJc, v/hich resulted in a wing chord section c of 
about 56.1 inches for the beveled trail ing--edge -nf iguration. 
The beveled trail ing-edge aileron configuration was tested un- 
sealed. The contour aileron configuration was tested both 
unsealed and sealed. 



Lift and dra^^ measurements of the ^nodel were nade by 
methods devscribed in reff^rence 2 . . The prof ile-drar; and 
lift ccef f iclentf? for all conf ii":nrations v/ere ba?ed on a 
nominal wing chord c cf 56 inches."'" 

The contour aileron war: sealed by ;:>luggini.;: the aileron 
curtain gaps with modeling clay. The discontinuity at the 
gaps was not fairec cut, as 5:hov;n in the photograph of 
fifTure 5. 



After tMs report \;as issued in its original fom^ 
certain refinements v/ere made in the method of computing 
lift coefficients. All lift coefficients given in' thJ.s 
report should, therefore be corrected by the follov/ing 
equation: 

^l(corrected) = O.Q&bCj + 0.026cj^ 

where cj is section lift coefficient presented in this 
report and c^ is given in the fallowing table: 



Aileron 
deflection 


1 


0 


U « -L 


2 


• <— 


5 


.3 


10 


0 


18 


• i 


-2 


.05 




-.1 


-16 




-18 


-.5 
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RESULTS AND DISCl^oSION 

The results of the tests of the three configurations 

are nresented in figures ij. to 12. Conparison curves of the 

configurations are given in figures 15 and ll^.. Aileron 

effectiveness ^ of the two aileron configurations is 

Ao 

given in table IT. 

The comparison of section lift characteristics at a 
Reynolds number of 13,000,000, given in figure 15, shows 
that the plain airfoil had the highest slope with a 

( of 0.115; followed by the sealed contour aileron 

Vda /^__ y . 

'^-0 /dcy \ 

configuration with a ( r—-) ^ of O.llli.; by the Tmsealed 

contour aileron configuration with a (- — Lj of 0.112; 

\a.a /a.--0 

and last by the beveled traillng-edge aileron configuration 

with a ^-^^^ of 0.105. A raaxiraun section lift co- 

'\^da J a=o 

efficient of 1.75 ^ov the plain airfoil section is very 
good. The aileron configurations with the aileron neutral 
show a loss in maximum lift. Sealing the gaps of the 
contour aileron had little effect on either the slope of 
the lift curve or the naxir umi lift coefficient. 

The aileron effectiveness, presented in table Ij as 
the effective change in angle of attacl' per unit change in 
aileron angle (denoted "oy Aa/Zi5), shows that the contour 
aileron, either sealed or unsealed, has an appreciably 
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higher Aa/A5 than the heveled trailing-edge aileron. 
Sealing the aileron gaps of the contour aileron resulted 
in a sraall linprovement in effectiveness. 

Although no study of hinge moments v/as .includeO. in 
the present investigation, it appears (reference 5) that 
this loss in effectiveness of the beveled trailing-edge 
aileron can be more than counteracted by using larger 
aileron deflections than would be obtainable with the 
ujQbalanced contour aileron v;ith permissible stick forces. 
The final effectiveness of the beveled trailing-edge 
aileron v-rould appear, however, to be loss than that of 
a properly balanced contour aileron. 

The comparison of the drag polars, v;ith the aileron 
neutral, given in figure llj., shows that the section profile 

drag coefficient o^^ is lov/est for the olain airfoil 

o . 

mm 

section. The contour aileron configuration, sealed and un- 
sealed, shews a slightly higher c,. than the plain air- 
foil section. In the sealed condition the contour aileron 
shows the same profile drag as the plain airffell section 
outside the low-drag range. The beveled trailing-edge 

aileron configuration shows an increase in c^^. throughout 

^o 

the test range. In the low-drag range the J)eveled 

trailing-edge aileron configuration shows an increase 

in the profile drag ^c^ of about O.OOO5 over the 

V ^min/ 
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plain airfoil section drag and possibly 0.0C02 over the 
contour aileron configuration section drag. 

CONCLTJDING REMRICS 

The section profilo-drag coefficient of the beveled 
trailing-edge aileron configuration was slightly higher 
than for the contour aileron configuration. 

The section aileron effectiveness per unit aileron 
deflection of the beveled trailing-edge aileron unsealed 
was approximately Oo percent of the effectiveness of the 
contour aileron, unsealed. 

Langley Memorial Aeronautical Laboratory, 

National Advisory GoiK'.ittee for Aeronautics, 
Langley Field, Va. , January 27, 19^5 • 
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TABLE I 

ORDINATES OF AIRTOIL SECTION AND AILERONS OP INTER- 
MEDIATE WING SECTION OP XP-5I AIRPLANE 



Plain wing section 



Wing section with 
contour aileron 



Wing section with beveled 
tralllng-edge aileron 



x/c 



yr/c 



x/c 



x/c 



yu/c 



yi/c 




0 

.0125 

.025 

.05 

.075 

.10 

.15 
.20 

.25 
.30 

.i»0 

.1^-5 
.50 
.60 

.70 

.80 

.805 

.8125 

.815 

.8175 

.82 

.•85 
.90 

.95 

.998 

1.000 



.OI8I4. 
.0267 
.0568 
.Oi;58 
.0500 
.0598 
,066k 

.0717 
.0763 
.0787 

.0793 
.0790 
.0769 

.0675 
.0520 

.0558 
.0326 



.0228 

.0155 
.0056 
.0011 
0 



0 

-.0131; 
-.0181 

-.02i;9 
-.050!; 

-.03l;9 

-.01412 
-.0U61j. 
-.0506 
O5I16 
-.0550 
-.0552 

-.05l;5 
-.0530 

-.014^7 
-.0519 
-.0168 
-.0165 
-.0156 
-.015U 
-.0151 
-.oili3 
-.0113 
-.0066 

-.0021; 
-.0011 

0 



0 

.805 
.809 
.8125 

.815 

.8175 

.82 
.83 
.85 
.90 
.95 
.998 
1.000 



Same as 
wing 3 

.0295 
.0502 
.0502 
.0298 
.0292 
.0270 
.0228 

.0133 
.0056 

.0011 



plain 
ectlon 

-.Oll;6 
-.0156 

-.OI5I; 
-.0151 

-.011+3 
-.0133 
-. 0113 
-.0066 
-.002U 
-.0011 



.805 

.810 

.816 

,820 

.81| 

.88 

.92 

.91*2 

.965 
.98 
1.00 
1.002 



Same as 
wing s 

'o^oi 

!o502 
.0281 
.0258 
.0196 
.0166 

.011+6 
.0109 
.0067 

.0010 
0 



COMMITTEE FOR 



plain 
ectlon 

-.0162 
-.0166 
-.0165 

-.0159 
-.011+8 
-.0156 
-.0121+ 
-.0109 
-.0078 
-.0051 
-.0010 
0 
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TABLE II 

CHANGE IN EFFECTIVE ANGLE OP ATTACK PER UNIT CHANGE 
OF AILERON ANGLE OF A SCALE MODEL OP THE INTER- 
MEDIATE WING Section op the xp-51 airplane 



(For aileron deflections. 




15 X 10^ approx. ) 


iiiieron configuration 


(^A; =0 




Beveled tralllng- 
edge 


0.57 


0.36 


Contour type, 
unsealed 


M 


M 


Contour type, 
sealed 


.1+8 


.1+6 
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Sta 0.815c 

^ O.OO71I+C 




Nominal model chord, c = 56 ln# 



Figure 2.-^ Configuration of a scale model of the intermediate wing section with 0.189c 
beveled trailing-edge aileron of the XP-51 airplane. (Photograph shows model in 
unsealed condition.) 

NATIONAL ADVISORY COMMITTEE fOR AERONAUTICS 




Figure 3.- Configuration of a scale model of the intermediate wing section v;:th 0.187c 
contour-type aileron of the XP-51 airplane. (Photograph shows model in sealed 
condition.) 
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Figure l^fc^- ; S«ctlon_ lif t oharaot^ of- a soala 

mode 1 0 f t h» Ijd t era e iriiig: apotion wl t h 0 . 1 87 o 
con t6ut:-t:j6t : j^^J-f^^t . i>f i t hd . XP-5I aLirplana, 




